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WHAT IS CLAIMED IS: 

1. A positively charged microporous membrane comprising a 
porous substrate and a crosslinked ycoating having pendant 

5 cationic groups. 

2. The positively charged micropprous membrane of claim 1, 
wherein the porous substrate is/hydrophilic . 

10 3. The positively charged microporous membrane of claim 1 or 
2, wherein the crosslinked coating comprises a crosslinked 
polyamine . 

4. The positively charged ma.croporous membrane of claim 3, 
15 wherein the polyamine includes a polyalkyleneamine . 

5 . The positively charged imicroporous membrane of any of 
claims 1-4, wherein the crosslinked coating includes a 
diallylamine copolymer 

20 

6. The positively charged microporous membrane of any of 
claims 1-4, wherein the ^rosslinked coating includes an 
acrylic copolymer. 

25 7. The positively charged microporous membrane of claim 1 or 

2, wherein the crosslinked coating is prepared by crosslinking 
a composition comprising a diallylamine copolymer having epoxy 
groups and pendant cationic groups, a polyalkyleneamine, and 

i 

an amine reactive compound having a cationic group. 



8. The positively charged microporous membrane of claim 1 or 
2, wherein the crosslinked coating includes a copolymer of 
diallylamine, diallyldialkylammonium halide, acrylic monomer 

having a quaternary ammonium group, and a crosslinking agent, 

\ 

\ 

t 

9. The positively charged microporous membrane of claim 1 or 

\ 

2, wherein the crosslinked coating includes an acrylic polymer 
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having epoxy groups and pendant cat ionic groups and a 
copolymer comprising a polyamine arp a glycidyl compound 
having a cationic group. 

5 10. The positively charged microAorous membrane of claim 4, 
wherein the polyalkyleneamine is polyethyleneimine . 



10 



11. The positively charged midroporous membrane of any of 
claims 1-10, wherein the cationic group includes quaternary 
ammonium groups . 



15 



12. The positively charged microporous membrane of any of 
claims 1-10, wherein the cationic group is linked through a 
spacer group. 

13. The positively charged| microporous membrane of claim 12, 
wherein the spacer group iJncludes one or more moieties 
selected from the group consisting of hydroxy, hydroxyalkyl, 
amino, aminoalkyl, amido, I alkylamido, ester, and alkoxyalkyl, 

14. The positively charged microporous membrane of claim 12, 
wherein the spacer group | includes one or more moieties 
selected from the group consisting of hydroxyalkyl, 
alkylamino, hydroxyalkyl aminoalkyl , hydroxyalkyl aminoalkyl 

25 hydroxyalkyl, alkylaminoalkyl , and alkylamido. 
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charged 



15. The positively 
6, wherein the diallyl 
includes a polymerized a 



microporous membrane of claim 5 or 
anjine copolymer or acrylic copolymer 
crylic monomer. 



16. The positively charged microporous membrane of claim 15, 
wherein the acrylic mondmer is an acryloylaminoalkyl or 
a c r y 1 oy 1 oxy a 1 ky 1 monome r 

17. The positively charged microporous membrane of claim 5, 
wherein the dial lylamine ^copolymer includes one or more 
polymerized nitrogen containing comonomers . 



W4d :T': / ■ 
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18. The positively charged microporous membrane of claim 17, 
wherein the one or more polymerized nitrogen containing 
comonomers are selected from the gfroup consisting of 

5 comonomers carrying quaternary anjmonium groups and comonomers 
carrying tertiary amino groups. 

19. The positively charged micipporous membrane of claim 8, 
wherein the crossl inking agent/ is an N- 

10 (alkoxymethyl) acrylamide. 

20. The positively charged microporous membrane of claim 8 or 
19, wherein the acrylic monomer is an acryloylaminoalkyl or 
acryloyloxyalkyl trialkylammonium halide. 

15 

21. The positively charged Jmicroporous membrane of claim 6, 
wherein the acrylic copolymer comprises a polymerized monomer 
selected from the group consisting of glycidylalkylacrylate, 
methacryloyloxyalkyl trialkylammonium halide, and 

20 methacryloylaminoalkyl tr:.alkylammonium halide. 

22. The positively charged microporous membrane of claim 6, 
wherein the acrylic copolymer is linked to a polyamine . 

25 23. The positively chargejd microporous membrane of claim 22, 
wherein the polyamine is fpentaethylenehexamine . 

24. The positively chargep microporous membrane of claim 11, 
wherein the cationic group is linked to the polyethyleneimine 
30 through a reaction with a|glycidyl compound having a cationic 
group . 



25. The positively charged! microporous membrane of claim 11 or 
24, wherein the coating is Icrosslinked through a reaction with 
35 a polyglycidyl compound. \ 
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26. The positively charged microporous membrane of any of 
claims 1-25, wherein the porous/substrate comprises a 
substrate polymer. 



20 



27. The positively charged miirroporous membrane of claim 26, 
wherein the substrate polymer is selected from the group 
consisting of polyaromatics ,/ polysulf ones , polyolefins, 
polystyrenes , polyamides , pplyimides , f luoropolymers , 
polycarbonates, polyesters/ cellulose acetates, and cellulose 
nitrates . 



28. The positively charged microporous membrane of claim 27, 
wherein the substrate pol'ymer is a polysulf one. 



15 29. A positively charged? microporous membrane having a protein 
binding capacity of about 25 mg/ml or greater comprising a 
porous substrate and a (prosslinked coating that includes a 
fixed positive charge. 



20 30. The positively cha: 
wherein the protein is 
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ed microporous membrane of claim 29, 
bovine serum albumin or immunoglobuli: 



31. The positively chaiged microporous membrane of claim 29 or 



30, wherein the porous 



32. A process for prep; 



diallylamine copolymer 
comprising : 

(a) providing a porous 

(b) contacting the por 



substrate is hydrophilic, 



ring a positively charged microporous 
membrane comprising a porous support and a diallylamine 
copolymer having pendant cat ionic groups linked to the 

through spacer groups, the process 



substrate ,- 
rous substrate with a composition 
comprising a diallylamine copolymer having epoxy and pendant 
cationic groups, a polyalkyleneamine , and an amine reactive 
compound having a catioliic group; 



(c) curing the substrat 



positively charged membrane,- and 



e obtained in (b) to obtain the 



at 
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(ci) optionally, extracting theynembrane obtained in (c) to 
remove extractable residue therein. 

/ 

33. The process of claim 32, \5herein the polyalkyleneamine 
comprises pentaethylenehexamine . 

34. The process of claim of /claim 32 or 33, wherein the amine 
reactive compound is a glycidyl trialkylammonium halide. 



10 35. The process of claim 3& , wherein the diallylamine 
copolymer includes an acrylic monomer. 



36. The process of claim p5, wherein the diallylamine 
copolymer is prepared by| a process comprising (a) polymerizing 
15 a mixture of diallylamine and methacryloylaminopropyl 



35 



trimethylammonium chloride to obtain a polymer and (b) 
contacting the polymer Obtained in (a) with epichlorohydrin. 



37. The process of claim 36, wherein the diallylamine 
20 copolymer includes one Jor more nitrogen containing comonomers , 



38. The process of claim 37, wherein the nitrogen containing 

!! 

comonomers are selected from the group consisting of 
comonomers carrying quaternary ammonium groups and comonomers 
25 carrying tertiary amino groups. 



39. The process of claim 37, wherein the nitrogen containing 

comonomers are selected from the group consisting of 

1' 

diallyldimethylammonium chloride , dimethylaminopropyl 

30 methacrylamide , methacryloylaminopropyl trimethylammonium 

.i 

chloride, and combinations thereof. 



40. The process of claim 33, wherein the polyalkyleneamine 
comprises pentaethylenehexamine. 



41. The process of claim 40, wherein the coating composition 
includes a crosslinking [agent . flfcEP^ ^ *^ r " 



'.' D. ir, =a 
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42. The process of claim 41, /Wherein the crosslinking agent is 
a polyglycidyl compound. 

5 43 . A process for preparing a microporous membrane comprising 
a porous support and a diallylamine copolymer having pendant 
cationic groups linked to it he diallylamine copolymer through 
spacer groups, the process comprising: 
(a) providing a porous substrate; 
10 (b) contacting the substrate with a composition comprising a 
copolymer of a diallylamine, diallyldialkylammonium halide, an 
acrylic monomer having a[ quaternary ammonium group, and a 
crosslinking agent; 

(c) curing the substrate obtained in (b) to obtain the 
15 positively charged membrane; and 

(d) optionally, extracting the membrane obtained in (c) to 
remove extractable residue therein. 



44 . The process of cla 
20 an N- (isobutoxymethyl) 
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45. The process of cl 
having a quaternary a 
ester having a quate 



31m 43 or 44, wherein the acrylic monomer 
rtfmonium group is an acrylamide or acrylic 
rrfary ammonium group . 



.m 



43, wherein the crosslinking agent is 



acrylamide , 



46 . A process for preparing a microporous membrane comprising 
a porous support and an acrylic polymer having pendant 

to the acrylic polymer 

(a) providing a poroiis substrate; 

(b) contacting the substrate with a composition comprising an 
acrylic copolymer having pendant cationic groups and epoxy 
groups and a polyalkylbneamine modified to have pendant 
cationic groups; 

(c) curing the substrate obtained in (b) to obtain the 

{( 

positively charged membrane; and 

(d) optionally, extracting the membrane obtained in (c) to 
remove extractable resladue therein. 
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47. The process of claim 46, ^wherein the acrylic copolymer 
comprises a glycidylalkylacrylate and a methacryloyloxyalkyl 
or methacryloylaminoalkyl trialkylammonium halide. 



48. The process of claim 46, wherein the polyalkyleneamine 
comprises a pentaethylenehexamine . 

49. The process of claim f48, wherein the pentaethylenehexamine 
10 is a pentaethylenehexamine which has been modified by glycidyl 

trimethylammonium chloride. 
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50. A process for preparing a positively charged microporous 
membrane comprising a porous substrate and a crosslinked 
coating comprising a pojlyalkyleneamine having pendant cationic 
groups, the process comprising: 

(a) providing a porous substrate; 

(b) contacting the substrate with a coating composition 
comprising a cross linking agent and the polyalkyleneamine; 

te obtained in (b) to obtain a 



(c) curing the substn. 
positively charged membrane; and 



(d) optionally, extrac 
remove extractable resi 



ting the membrane obtained in (c) to 
due therein. 



25 51. The process of any of claims 32, 43, 46, and 50, wherein 
the cationic group is qaaternary ammonium. 

52. The process of claim 50, wherein the polyalkyleneamine 
comprises polyethyleneimine . 
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53 . The process of clain 
linked to the polyalkyl 



50, wherein the cationic group is 
eneamine through a spacer group . 



54. The process of claim 153, wherein the spacer group includes 
35 one or more moieties selected from the group consisting of 

img.no, aminoalkyl, ami do, alkylamido, 



hydroxy, hydroxyalkyl , am! 
ester, and alkoxyalkyl . 
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55. The process of claim 53, Wherein the spacer group includes 
one or more moieties selected^ from the group consisting of 
hydroxyalkyl , alkylamino, hynroxyalkylaminoalkyl , 

5 hydroxyalkylaminoalkyl hydroxyalkyl , alkylaminoalkyl , and 
alkylamido . 

56. The process of claim £52, wherein the cationic group is 
linked to the polyethyleneimine by reaction with a glycidyl 

10 compound having a cationic group. 
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57. The process of cla|m 56, wherein the glycidyl compound is 
glycidyl t rime thy 1 ammonium chloride. 



15 58. The process of any of claims 50 and 52-57, wherein the 
coating is crosslinkejk by a polyglycidyl compound. 



59, The process of claim 58, wherein the polyglycidyl compound 

I 

is a polyalkyleneglycol polyglycidylether . 



60. The process of any of claims 32-59, wherein the extraction 
is carried out in water. 



61. The process of any of claims 32-59, wherein the porous 
25 substrate is hydrophilic . 



62. The process of any of claims 32-61, wherein the porous 
substrate comprises a polymer. 

30 63. The process of claim 62, wherein the porous substrate 
comprises a polymer j selected from the group consisting of 
polyaromatics , polysulf ones , polyolef ins , polystyrenes , 
polyamides, polyimides, polycarbonates, polyesters, 



f luoropolymers , and 



64 . The process of c_ 
comprises polysulfone 



cellulosic polymers. 

iaim 62, wherein the porous substrate 
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65. The membrane prepared by the process of any of claims 32- 
64 . 

5 66. A device comprising the positively charged microporous 
membrane of any of claims 1-SS and 65. 

67. A process for separating/negatively charged material from 
a fluid, the process comprising placing the fluid in contact 

10 with the positively charged/ microporous membrane of any of 
claims 1-32 and 65 so as t<# adsorb the negatively charged 
material to the membrane. 

68. The process of claim 67, wherein the negatively charged 
15 materials include biomolefcules 



20 



69. The process of claim/ 68, wherein the biomolecule is 
selected from the group /consisting of polypeptides, amino 
acids, nucleic acids, and combinations thereof. 

70. The process of clai n 67, wherein the negatively charged 
materials include nucleic acids, endotoxins, host cell 
proteins, viruses, and lipids 



25 71. The process of claim 67, wherein a nucleic acid is 
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separated from a fluid 

72. The process of cla: 
antibody. 



73 . The process of claim 
adenovirus . 



comprising nucleic acid and protein. 



m 70, wherein the protein is an 



70, wherein the virus is an 



74. A positively charged microporous membrane having a nucleic 
acid binding capacity cf about 5 mg/ml or more comprising a 
porous substrate and a crosslinked coating that includes a 
fixed positive charge. 



